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Introduction 

Stated generally, industrial  location theory says that  industry 

output by location is a function of prof i t s .  Most empirical models t h a t  

t ry  t o  explain industry location use either output or changes i n  output a s  

the dependent variable,  and prof i t  proxy variables a s  independent variables.  

In  this paper we argue tha t  new capacity output--output associated w i t h  fully 

ut i1  ized gross investment-in-place--is a more appropriate dependent variable.  

Capacity output would be the desired level of output, given the capjtal stock, 

b u t  the actual output i n  any one period may not be a t  the desired level because 

o f  unanticipated economic conditions. A l s o  we argue t h a t  the p r o f i t s  associated 

w i t h  locating a marginal u n i t  of output i s  the appropriate explanatory variable.  

After presenting the arguments t o  support our posit ions we show the results of 

applying such a model t o  59 manufacturing industries. 
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The theoretical  background for the model t h a t  follows i s  the standard 

theory o f  the f i r k .  

present value o f  pro f i t s ,  given current p,rices and expectations abou t  fu tu re  

prices. 

stock and the locations of the f a c i l i t i e s .  

Firms choose production plans t h a t  maximize the estimated 

The plans include the amounts of outputs, intermediate inputs,  capital  

Q 

Finns place capital  stock i n  locations tha t  maximize their  p r o f i t s -  

A new firm i s  concerned w i t h  locating a new plant;  b u t  most production decisions 

a r e  made by exis t ing firms tha t  have existing capi ta l  stock sunk i n  par t i cu la r  

locat ins .  Their concern i s  with l o c a t i n g  increments t o  capi ta l  stock, which 

may involve the expansion of an old p l a n t  rather t h a n  the construction o f  

a new plant. 

run decisions which nodify existing production plans. 

about relocation, the prof i t s  a t  any new location must be h i g h e r  than the 

sum of prof i t s  a t  the old location a n d  the f i x e d  costs a t  the old location. 

Thus  the existing capi ta l  stock has t o  be taken into account. 

. 

We assume t h a t  business decisions in any one period are short- 

If a f i rm is t h i n k i n g  

Deriving the New Capacity O u t p u t  

A l though  some of our  discussion will s t i l l  be about fims a l l  o f  

That is, the variables used i n  the model a re  for industries and regions. 

we will t a l k  about the location decisions of the firm, b u t  our  model explains 

the location o f  industries within regions, independent of  the number of  firms 

t h a t  may be i n  any one i ndus t ry  and region.  

B 

Each period some capi ta l  stock i s  lost  because of depreciation (including 

obsolesence) and gross investment may be added t o  both replace the depreciated 

capi ta l  and  add t o  the capi ta l  stock. Thus :  
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where: K i s  capi ta l  avai lable  f o r  production f o r  one i n d u s t r y .  

D is’ depreciation. 

I i s  gross investment t h a t  i s  in place and avai lab le  f o r  use. 

t denotes time period, and 

g denotes region. 

Since the construction/installation time may be more t h a n  one prodaction 

period a dis t inct ion is being made between capital  goods purchases and capital-  

in-place. The variable I re fe rs  t o  new capital-in-place i n  t h e  t, region 

g and* capi ta l  purchases i n  t, region g. 

t 
g 

Assuming tha t  a l l  capi ta l  i s  fu l ly  u t i l i zed ,  we can rewrite (1) i n  

terms of capacity output by applying the appropriate output-capital ratios 

t o  the capital  stock. The new equation is :  

t t-1 t-1 t 
KQ, = KQ, -DQ, + IQ, 

where: KQ i s  the o u t p u t  associated w i t h  f u l l y  u t i l i z ing  c a p i t a l  stock 

( c a p c i t y  output). 

DQ i s  the o u t p u t  associated w i t h  the depreciated c a p i t a l  stock. 

IQ i s  the output associated w i t h  the gross investment put i n  

place d u r i n g  the period (new capacity output). 

We l e t  the depreciated o u t p u t  be equal t o  the depreciation rate times 

the actual o u t p u t  since economic depreciation i s  a function of t h e  use o f  

capi ta l  stock. Thus: 

t t  D Q ~  = d g ~ ,  



where: d is  the depreciation r a t e ,  a n d  

Q is’the level of actual o u t p u t .  

Also ,  we define the capacity o u t p u t  as being equal t o  the actual o u t p u t  devided 

by the capital  u t i l i za t ion  rate:  

where: u is  the capi ta l  u t i l i z a t i o n  rate .  

By s u b s t i t u t i n g  equations ( 3 )  and (4)  i 

we obtain the definit ion: 

nd solvi  g f o r  IQ 

( 5 )  

The location decisions o f  the firms w i t h i n  an industry involve se lec t ing  

f o r  each period and  region. We are saying tha t  the a b i l i t y  t o  produce IQ, 
i n  any region where there i s  production will decrease because o f  depreciation 

o f  capi ta l  stock, a n d  t h a t  the decision each year i s  where t o  locate  t h e  

o u t p u t  associated w i t h  gross investment. 

the same regions or i n  d i f fe ren t  regions. 

i s  b e i n g  used f i r s t  t o  replace the loss of o u t p u t  due t o  the depreciated 

capi ta l  stock. I f  the  existing plants  are i n  low p ro f i t  regions, the IQ 

will be located i n  other h igher  prof i t  regions, b u t  production may s t i l l  

The IQ can be located either i n  

I f  i t  is i n  the same regions i t  

take place i n  the older regions since they may s t i l l  have usable capi ta l  

stock on which rental  paynents have t o  be made. 

Deriving the Prof i t  Variable 

The general theory i s  tha t  output i s  located i n  response t o  p r o f i t s  

a n d  we have argued above tha t  the deteniiination o f  capacity output associated 
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. .  

w i t h  the gross investment is  the appropriate o u t p u t  variable in  location decisions. 

In this section we-are concerned w i t h  wha t  i s  the appropriate measure o f  

profits. 

t h a t  i s ,  the profits t h a t  would be associated with an a d d i t i o n a l  u n i t  o f  

capacity output .  

a one market, Von Thunen example. 

Assume t h a t  there i s  one market region h supplied by a number o f  

What we should have i s  a marginijl concept o f  locational profits; 

This concept o f  marginal p r o f i t s  can be illustrated with 

producing  regions g ( g  = 1, ..., n ) .  After the market h a s  cleared, there 

i s  information on how much was supplied by each producing region, and the 

per u n i t  cost of producing a n d  transporting from g t o  h. 

with the highest cost is  the one t h a t  establishes the market price. 

the profits for producing regions are: 

The producing region 

Thus, 

CJ = 1, ..., n 

where: 

g and transporting them 

Ph i s  the price i n  market region h,. 

i s  the cost o f  producing goods a t  

t o  h ,  and 
Cgh 

n i s  the marginal location p r o f i t  in 

Since the marginal suppl ier establishes the market 
9 

region 9. 1 

price there are no profi ts  

f o r  the marginal supplier, which we denote as m. Therefore: 

'There i s  an implicit time superscript t i n  (6)  and most o f  the remaining 
equations w h i c h  is being  l e f t  o u t  f o r  convenience. 
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c 

. .  

a n d  by substituting ( 7 )  i n t o  (6) we derive: 

(8 1 - c  g = 1, ..., n - 
‘ g  - ‘rnh gh . 

When there are many markets this same concept o f  locational profits 

can be derived us ing  linear programing. A t  equilibrium, each sel l ing location 

has maximum profits and each buying location purchases good a t  the lowest 

possible price. The objective in the linear program algor i thm is t o  minimize 

total cos t  of production and transportation; t h a t  is: . 

subject to :  

c x  = s g  
h g h  

g,h = f ,  ..., n 

g = 1, ...) n 

h = 1, ...¶ n 

g , h  = 1, ..., n 

X 

S 
9 

Dh 

is  the amount of goods sh ipped  from region g to  region h. 

i s  the amount of supply of goods in region g, and 

i s  the  demand for goods in region h a f t e r  the market has  

cleared. 

gh 
where: 

Ne are using S for supply here instead o f  Q for o u t p u t  since the supply o f  

goods entering the market from region g may be different than the o u t p u t  

i n  region g because of foreign imports o r  changes in inventories. When (9)  

i s  minimized, the following condition holds: 

P h - n  - - c  
9 gh 
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and when shipments between g and h a r e  positive: 

The II and the P,, i n  (13) and (14) are shadow prices on cons t ra in ts  (10) 

and (11) respectively. 
9 

If an additional u n i t  of output were t o  k produced 

a t  region g, the prof i t s  fo r  t h a t  a d d i t i o n a l  u n i t  would be n thus we refer 

t o  n as marginal location profits. 
9' 

2 
9 

A Part ia l  Measure of Location Profi ts  

Research i s  underway t o  have a complete measure of .location profits  

as described above, b u t  i n  t h i s  paper we can only report on results t h a t  

use a p a r t i a l  measure of locat ion prof i ts .  We will show what is contained 

i n  t h i s  p a r t i a l  measure. 

First we look a t  the components of C . They are: 
gh ' 

* .  
. . a  

where: L i s  t h e  l abor  cost per u n i t  of o u t p u t .  

a i  i s  the i n p u t - o u t p u t  coeff ic ient  -- the amount ob i n p u t  i 

per u n i t  o f  o u t p u t  used by the producing industry. 

E i s  the other expenses (including l a n d )  per u n i t  of o u t p u t ,  and 

T is the transportation cost  of shipping a u n i t  from region g 

t o  region h. 
gh 

g,h = 1, ..., r€ 

i 
'See Stevens [1961] f o r  interpretation o f  the shadow prices. 
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Substituting (15) i n t o  (8) we obtain for the one market problem a complete 

measure of locatiofl  profits with a l l  of i t s  components: 

i i  i i  
T[ = ( L  -L ) + c(a  P -a P ) + (E - E  ) .f (Tmh-Tgh) g=l,.,.,n (16) 9 ‘ 9  i m m  9 9  m g  

Each term i n  parenthesis on the right-hand side o f  (16) i s  a component of 

location profits; t h a t  due t o  labor costsa material costs, other expenses, and 

transport cost, respectively. 
b 

Next, we note t h a t  when the objective function (9) is  minimized, 

t h e  only va r i a t ion  i n  t h e  market prices i s  due t o  transportation costs; since 

if there were no transportation costs, the prices would be the same in a l l  

markets. Therefore, any price i could be expressed in two components such 

as : 

where: 

g = 1, ..., n pi  = V i  + K i 
9 9  

V i s  a variable t h a t  has a positive value because the variation 

i n  transportation costs, and 

K i s  a constant. 

We now modify (16).  Firstly, we assume t h a t  the inpu t -ou tpu t  coefficients 

are the same in a l l  regions; therefore the material cost component o f  t h e  

loca t ion  rent would have v a r i a t i o n  only because of the variable V.  

we drop  the component f o r  other expenses since we d o n ’ t  have the data. 

p a r t i a l  location profits variable i s  defined a s  follows: 

Secondly, 

The 
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, .  

where: W represents the location prof i t s  associated w i t h  transportation 

costs  when there a re  many  market^,^ and 

LR is the par t ia l  measure o t  location prof i ts .  

I t  h a s  been shown by Nadji and Harris [I9831 t h a t  the V ' s  and the W's are 

shadow prices computed when the transportation cost T 

objective function (9).  

replaces C in the 

Thus, the location p ro f i t s  LR can be e s t k t e d  for 
gh gh 

every commodity by deriving the V ' s  and W's from the linear p r o g m i n g  algorithms 

t h a t  minimize transportation costs, & t h  data on payrolls per u n i t  o f  output ,  

and w i t h  national input-output coeff ic ients .  The LR var iable  accmnts for 

regional variation i n  labor  and transport  costs. 

The Relationship between New Capacity O u t p u t  and Profits  

So far we have argued tha t  the appropriate function for short-run 

location decisions is  that  new capacity output is a function o f  marginal 

locational profits. Thus:  

The questions now are:  what does this function look l i k e  and how should 

the parameters i n  the equation be estimated? 

One procedure would be t o  a l loca te  a l l  the new capacity output  t o  

the region which  has  the highest marginal location prof i t s .  

would no t  be r e a l i s t i c  since with casual observation we know t h a t  gross investment 

i s  not located a l l  Sn one region i n  any one year. 

However, t h i s  

The gross investment cmes i n  

'we can ' t  use Tmh - T w i t h  many markets since t h e  marginal region m 
gh 

may not ship t o  region h. 
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discrete units a n d  if the f i r s t  u n i t  were t o  be allocated t o  the highest 

p r o f i t  region, a l l  ' the prices i n  the system would change, and the new locat ion 

profits my indicate t h a t  the region withethe highest profits .is different. 

If we were t o  allocate the f i r s t  u n i t  t o  the highest region and recompute 

profits, allocate the second u n i t  t o  the new highest region and so forth; 

then over the period of a year, because of the changing prices, many-regions 

would receive some o f  the new capacity otuput. 

A l s o  gross investment i s  spread out  over many regions because different 

types of investment have different useful lives. For examp'ie, the l i fe  o f  

' a p l a n t  i s  much longer t h a n  the l i f e  o f  a machine. Firms may install new 

equipment i n  existing plants even when the profits are low a t  those locations 

because there i s  no existing p l a n t s  i n  the higher profit  locations and because 

fixed rental payments are due s t i l l  on the old plants. A similar issue is 

t h a t  there i s  a threshhold problem due t o  the discretness o f  new plants. 

Additional capacity may be added t o  an existing *plant i n  an old location 

rather than build a new plant in a higher profit location since the minimurn- 

sized new plant is  too large. 

In (19) we related new capacity outputs and profits i n  the same time 

period, b u t  this may not  be appropriate if the constructionlinstallation 

period i s  larger than  the production period. 

capital necessary t o  have investment-in-place this period must have been 

made before the current period. 

in-place may be a func t ion  o f  profits o f  a previous period o r  some weighted 

The decision t o  purchase the 

Thus ,  the o u t p u t  associated w i t h  gross investment- 

average of previous periods. 

We chose t o  f i t  function (19) modified because we only have a partia7 

measure of p r o f i t ,  using pooled cross-sectional and time series data.  Essentially, 
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the parameters in our estimation would be cross-sectional parameters since 

we have 585 region; and only five years. 

equation would assiga the highest amounts.of new capacity o u t p u t  t o  the  region 

with the highest marginal location profits; b u t  other regions w i t h  h i g h  profits 

would also receive sane of the  new capacity o u t p u t .  

With cross-sectional data, a regression 

The Results 

4 Using data  for 585 regions and five years (1970-1974) the following 

equation was estimated for 59 manufacturing industries: 

where: A denotes a change from year t -2  t o  year t-1, 

VL is the value o f  agriculture land per acre, and 

IS i s  the amount of i n p u t s  imported in to  a region per u n i t  of 

o u t p u t ,  which we call " i n p u t  scarcity." 

Since there i s  only a partial measure of location prof i t s  the variables 

i n  (20) other than L R ,  serve as proxies for  determinants of location prof i ts  

n o t  accounted fo r  i n  LR.  The variables AD, D, a n d  AS pick up the agglomeration 

effects t h a t  competitors and buyers have on revenues and production costs. 

The i n p u t  scarcity variable ac ts  like a weighted average of  input prices 

since the greater the amounts of inputs imported, the h i g h e r  the cast of 

acqui r ing  the inputs. The regional var ia t ion  i n  i n p u t  prices would be accounted 

f o r  completely w i t h  the shadow price V of (18) if i n  fact  the objective function 

4SMSA's and rest-of-BEA economic areas, b o t h  subdivided by state 
when necessary. 
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- 
, .  

(9)  were minimized. 

cross-hauls indicates t h a t  (9)  i s  not minimized; therefore, there waxuld be 

However, i n  the  real world the presence o f  t ranspor t  

some regional variation i n  K of (17). The variation of the i n p u t  scarcity 

variable serves as a proxy for the variation on i n p u t  prices not  acc.ounted 

for w i t h  the V's. 

All o f  the data used t o  estimate (20) came from the Regional Forecasting 

Project a t  the University of Maryland. The  original data sources and data  

estimating procedures are given in Harris and Nadji [1983]. 

t o  be said, however, a b o u t  the estimation of the IQ's, d's and u's for regions, 

. A few words need 

since as many readers are aware, there are no p u b l i s h e d  sources for $his 

informa t i  on. 

First, gross investment-in-place ( I )  was estimated for the nration 

and regions by assuming t h a t  the capital good purchases i n  any year  t were 

p u t  into place and available f o r  use in production during the year a, t+l, 

and t+2.  In other words, It = at TPt + at-' IPt-' + at-' IPt'*, where IP 

is  the investment purchases and the sum of t he  a weights is equal Ea one. 

IQ was estimated f o r  each region a n d  industry by assuming that the 

relationship between 1Q and I was the same for a l l  regions; t h a t  i s ,  i t  was 

assumed t h a t  the productivity of gross investment i s  the same everywhere 

since a l l  investors have access t o  the latest  technology. IQ was fP r s t  computed 

with (5 )  a t  the na t iona l  level and the national IQ/I  r a t i o  applied Bo t h e  

regional 1 ' s .  

Data on the capacity utilization rates (u) and the depreciation rates 

( d )  are a v a i l a b l e  a t  the national level, a n d  we estimated the u's and d ' s  

f o r  states using ( 5 ) .  The f i r s t  step was t o  normalize the national u's f o r  each 
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industry by dividing each year's value by the peak year value  during the 

historic period 1970-1975. 

therefore, the u 's  i n  a l l  states would be,equal t o  one i n  the peak year. 

assumption reduced the number of unknowns in (5)  t o  two, namely: 

ut-' when t i s  the peak or  pre-peak year, and dt-' and  u when t is a post-peak 

year.  

the unknown d ' s  and u ' s  were estimated with a matrix ba lanc ing  procedure t h a t  

made use o f  the fact  t h a t  the state values of each component of (5) must.add t o  

i t s  national value. 

We assume t h a t  a s ta te ' s  u cannot exceed one, 

This 

dt-' and 
9 

t 
. 9  9 9 

Working separately fo r  each industry in both  directions from the peak year, 

The regression results for the 59 manufacturing industries are  given i n  

Table 1. After a correction for heteroscedesticity the var iables  were entered 

into an  ordinary least-squares program in the order given i n  Table 1 with a 

restriction t h a t  if the coeff ic ient  of an entering variable Rad the wrong s i g n  

or made the coefficient a previously entered variable having the wrong s i g n ,  the 

entering variable was rejected. 

were rejected and a following variable were accepted, the procedure would try t o  

The steps were recycled so t h a t  jf a variable 

re-enter the  rejected variable before proceeding to  the next variable on the l is t .  

The coefficients for variables VL and IS were restricted t o  be negative 

and  L R ,  AD and  D were restricted t o  be positive. The variable AS was allowed t o  

take either sign. All regional variables except V t  and IS were entered i n  the 

equation as shares of their national t o t a l s .  

o f  determination, which is labeled i2 in the table, we computed i:a which i s  

In  addition t o  the usual coefficient 

IQ 
a measure o f  how well (20) was able t o  predict KQ:, which i s  computed using ( 2 )  

-2 R would be the appropriate t 
9 KQ with the predicted IQ on the right-hand side. 

measure o f  overall f i t  i n  most applications, such as i n  models t o  forecast 'levels 

of product  ion. 
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The resu l ts  given i n  Table 1 show t h a t  zi2' i s  high for  a l l  i ndus t r i es  KQ 
and t h a t  most of ' the coeff icients are-h igh ly  s ign i f icant .  The frequency and 

signi f icance of the locat ion profit  variqble, LR, strongly supports our 

theoret ica l  model. 
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Table f 
Equations Explaing Capacity Output Associated wi th  

Gross Investment In-Place (IQ) by Industry 

In du s t r y  SIC(1967) 

Ordnance 19 
Meat Packing 20 1 
Dairy Products 202 
Canned & Frozen Food 203 
Grain Mill Products 204 
Beverages 208 
Misc. Food Pyoducts 205,206,207,209 
Tobacco Products 21 
Fabrics & Yarn 221,222,223,224,226,228 
Misc Textiles 227 229 
Apparel & K n i t t i n g  225,23,239 
Misc. Fabricated Textil 'es 239 
Lumber & Wood Pro,ducts 24 
F u r n  i t u  re & F i x  tures 25 
P u l p  & Paper Mills 261,262,263 
Paper Products 264,265,266 
Printing & Publishing 27 
Industrial  Chemicals 28 1 
Plas t i c s  8 Synthetics 28 2 
Drugs 283 
Cleaning & Toilet  Prep. 284 
P a i n t s  & Allied Prod. 28 5 
Agr icul tu ra l  Chemic. 28 7 
Misc.  Chemicals . 286,289 
Petroleum Refining 29 
Tires  & Tubes 30 1 
Misc. Rubber Products 302,303,306 
P1 a s  t i c  Products 307 
Leather & Leather Prod. 31 
Stone,Clay &. Glass Prod. 32 
Iron & Steel 331,332,3391,3399 
Copper 3331,334,3351,3362 

VARIABLES 

IS AD D 
vL2 10-4 10- 1 

AS LR 
10-1 10- 

- .54* 
-.21# - .29# 
-.19# 
-.23# 
-.11# - .29# -. 02# 

-1.22# 
-.21# -. 26# 

-1 72# - .28# 
-.15# -. 06# - .03 
.13# 
22# 

-.16# - .45# 
.04 

-.07# 
-.20# -. 16+ - .47# 
-.03 
.25# 
.68# 

-1.12# 
-1.13# 
- .04 

.49# 

16.87# 
.33# 
.21# 
.03 
.25# 
.27# 
.04# 
.30# 
.05 
.55# 
.08 

2.73# 
.09# 
.07# 
.26# 
.45# 
.23# 
.74# 
.45# 
.37+ 
.43# 
.22# 
.71# 
.08 
.16# 
.29# 
1,03# 
1.99; 
.68# 
.12# 
.46# 
.23# 

-.23* -. 19+ -. 23# 

- .35* 
- .33 

- .69*' 
-.33 

-11.49# -5.97# 
- 505 

-. 30# -.42# - .52+ 
-1.94# - .47# 
-1.94# 

-1.59* -.82 

-3.32+ - .02* -. 14# -4.83# 

-2.22# 

.54+ 

.08* 

.04 

.oo 

.62# 

.48# 

.03 

.30# 

.02 

.77# 

.09# 

.17# 

.01 

.46# 

.05 

.31# 

.06 

. 00 
1.48# 

.02 
1.35# 

.16# 
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